and Wagner (1977) surveyed vessels in monocotyledons and concluded that the most primitive condition is represented by occurrence of vessels in roots only. Presence of vessels in roots plus one or more other organs of the plant body is considered more specialized. Cheadle (1942) interpreted his data as indicating that origin of vessels, and specialization of ves sels once they had originated, has progressed up ward in the plant body. Araceae have been se lected for study because they have been claimed to have vessels in roots only or with vessels in stems in a few species (Hotta 1971, see below) , and thus represent a group of prime significance for study of early stages in vessel evolution of monocotyledons.
We have studied other monocotyledon fami lies with the same condition: Juncaginaceae and Scheuchzeriaceae (Schneider and Carlquist 1997) as well as Lowiaceae (Carlquist and Schneider, 1998) . Our series began with Acora ceae (Carlquist and Schneider 1997) because molecular data suggest Acoraceae are the sister group to all other monocotyledons (Duvall et al. 1993; Davis 1995) . Araceae are an obvious group for comparison to Acoraceae because Acoraceae were considered previously as be longing to Araceae. Davis (1995) segregates Acoraceae and places it basal to and immediate ly adjacent to Araceae on the basis of chloro Received for publication March 9, 1998 and in re vised form June 1, 1998. plast DNA data. Duvall et al. (1993) using rbcL sequence data indicate a near-basal position for Araceae, although not immediately adjacent to Acoraceae. Thus, on phylogenetic grounds, one would expect Araceae to contain a relatively large number of primitive character states in xy lem.
On ecological grounds, one also might expect Araceae to be less specialized. Cariquist (1975) schematized the data of Cheadle (1942) and demonstrated that monocotyledon families with vessels in roots only or mostly in roots, occur with few exceptions in perpetually moist soil or in aquatic conditions. Araceae subfamily Philo dendroideae (defined here as in the treatments of Dahlgren et al. 1985 and Behnke 1995) consist of genera that are mostly in tropical moist un derstory habitats, and that exhibit some tendency to epiphytism in Anthurium and with various de grees of scandent habit in Philodendron. Zan tedeschia typically occurs in wet soil, but can withstand seasonal drying (Dahlgren et al. 1990) . Philodendroideae provide an excellent group for study of relationships between ecology arid degree of vessel specialization. One expects more specialized perforation plates in monocot yledons in which moisture fluctuation places a positive selective value on vessel elements with greater peak conductive capacities (Carlquist 1975) .
Data from scanning electron microscopy (SEM) can provide data pertinent to the hypoth esis that less specialized characters states of yes-253 [VOL. 125 sel presence and morphology are indicative of unbroken history of occupancy of mesic sites (Carlquist 1975) in particular phylads. Light mi croscopy cannot accurately demonstrate pres ence and nature of perforations in end walls of tracheary elements; SEM images can establish clearly whether primary walls are intact or per forated. For example, earlier literature contains mention of the presence of vessels in a few gen era of Araceae (e.g., Solereder and Meyer 1928) , but the bases for these claims were usually dif ferentiation between end walls and lateral walls, even though no unequivocal data were available that primary walls were absent in end walls of tracheary elements. Such inferences were the ba sis for Hotta's (1971) claim of vessels in stems of Epipremnum, Pothos, Rhaphidophora, and Scindapsus; these claims were credited by French (1997) . Hotta (1971) also reported "yes selform tracheids," presumably tracheary ele ments with a lesser degree of differentiation be tween end wall and lateral walls, in stems of 12 genera of Araceae, and in Acorus, the latter now in Araceae. The use of such an ambiguous term as "vesselform tracheids" demonstrates the problem posed by studies with the light micro scope, and one should therefore regard the use of this term as a provisional designation. Hotta's (1971) observations are a useful guide to genera in which vessels are likely to be found where more precise SEM study of pit mem branes can be undertaken. Hotta (1971) reported vessels in roots of "nearly all" of the species of Araceae he studied; he was unable to find ves sels in five species, one of which was Acorus calamus L., in which we have since demonstrat ed vessels in both roots and stems (Carlquist and Schneider 1997) .
The five species that we have selected for study represent five of the seven or eight tribes of Philodendroideae, corresponding to the schemes of Dahlgren et al. (1985) and Behnke (1995) . The genera and the tribes to which they belong are Aglaonema (Aglaonemateae), An thurium (Anthurieae), Dieffenbachia (Dieffen bachieae), Philodendron (Philodendreae), and Zantedeschia (Zantedeschieae). The tribes of the subfamily not represented here are Anubiadeae and Typhonodoreae; Behnke (1995) also tenta tively refers Nephrytideae to Philodendroideae. The valuable molecular data of French et al. (1995) show the degree to which definitions of tribes and subtribes in Araceae are in flux, and development of molecular data on more genera will undoubtedly result in alterations in the ros ters of genera in the subfamilies and tribes of Araceae.
Materials and Methods. Specimens for study from cultivated plants were fixed and stored in 50% ethanol. From the tropical green house at the University of California, Santa Bar bara, we obtained Aglaonema pictum Kunth, An thuriurn scherzerianum Schott, Diffenbachia oerstedtii Schott, and Philodendron pittieri En gler. Zantedeschia albo-maculata Baill. was ob tained from a commercial source. For thicker stems (Dieffenbachia oerstedtii, Zantedeschia albo-maculata) in which vascular bundles are widely scattered and therefore tracheary ele ments not easily located in preparations, paraffin sections were prepared according to the methods in Johansen (1940) . Paraffin sections were mounted on aluminum stubs as with mounting on glass slides; the stubs were cleansed of par affin, dried, sputter-coated, and examined with a Bausch & Lomb Nanolab SEM. Sections are useful for showing interfaces among cells. Mac erations were prepared for all species because this method of preparation succeeds best in iso lating entire tracheary elements (or long portions of them), and in preserving natural cell shape. Macerations were prepared with Jeffrey's fluid (Johansen 1940) and stored in 50% aqueous eth anol. Macerated roots or stems were spread onto the surfaces of aluminum stubs, dried, sputtercoated, and examined with SEM.
Our illustrations are arranged alphabetically by genus, with material of roots before material of rhizomes. End walls that show perforation plates in roots precede phylogenetically those in stems in specialization. We are acutely aware that handling of tracheary elements, particularly those from primary xylem, can result in tearing of primary walls, and we have taken care by using comparative methods to describe only what we believe to be characteristic of the tra cheary elements and not artifacts of preparation.
Results. In roots of Aglaonema pictum ( Fig.   1 -5), long scalariform perforation plates are present and virtually no remnants of primary walls in perforation plates are depicted ( Fig. 1-2) . Some perforation plates have pit membranes in which small porosities (as well as some tears) are visible ( Fig. 3) . Some perforation plates fea ture strands of primary wall material traversing the perforations (Fig. 4 ). All degrees of pit mem brane presence were observed in perforation plates of vessels of Aglaonema pictum, although . -i9 Fig. 9-13 . SEM photographs of tracheary elements from roots (9-12) and rhizomatous stems (13) of An thurium scherzerianum. Fig. 9 . End of vessel element, showing perforation plate with numerous bars; pit mem brane remnants are absent. Fig. 10 . End of vessel element, showing few but wide bars in the perforation plate (upper left). Fig. 11 . Interface between perforation plate (left) and lateral wall pitting. Two perforations contain porose pit membrane remnants. Fig. 12 . Lateral wall pitting with striations that extend between pits. Fig. 13 . Fig. 16 . Portion of a perforation plate illustrating presence of porose pit membrane remnants, torn in some perforations. Fig. 17 . Lateral wall showing smooth pit membranes and elongate variously-shared elliptical pits. Fig, 14 , 15, 16, bars = 10 n.m; Fig. 17 , bar = 5 im. prominent strands of wall material interconnect and run perpendicular to the secondary wall bands ( Fig. 7-8) ; some strands appear to touch the laminar portion of the wall (Fig. 7) . In mac erations, the strands can remain in place while the primary wall is removed in places by han dling of the cells (Fig. 8) . We observed these strands only in rhizomes of A. pictum.
Roots of Anthurium scherzerianum contain vessels with well defined perforation plates ( Fig.  9-12 ). Some of these are very long, yet the per foration plate is easily demarcated from the lat eral wall (Fig. 9 , two wall facets at bottom). Oc casional aberrant short perforation plates with only about six bars were observed (Fig. 10) . Per foration plates of the roots are mostly devoid of primary wall remnants, but not entirely so; two of the perforations may contain finely porose primary wall remnants (Fig. 11) . Lateral walls show that striations of the primary walls are continuous across the bars of the secondary wall (Figs. 11, 12) . Striate lateral walls were ob served in tracheary elements of rhizomes also (Fig. 13 ). Because the tracheary elements of rhi zomes in Anthurium are so firmly encased in sheaths of fibers, recovery of intact tracheary el ements by our methods proved impossible, and we cannot offer reliable observations on the na ture of perforation plates in rhizomes.
Dieffenbachia oerstedtii (Figs. 14-17) has vessels with clearly defined perforation plates in roots (Fig. 14) . The perforations are comparable to pits of lateral walls in size and in the thick ness of bars of secondary wall material (Fig.  15 ). We believe that perforation plates may oc cur on more than one facet of a vessel element tip (Fig. 14) , just as presence of pits on all facets of the lateral wall portion shown in Fig. 15 is valid. The two portions represent two segments of the same tracheary element (Figs. 14-15 ).
A 4i6 [VoL. 125 The slender axial strands of secondary wall ma terial demarcating the wall facets (as compared to the thicker bars of secondary wall material perpendicular to them) are notable (Fig. 15 ). In stems of Dieffenbachia oerstedtii, one can find perforations devoid of pit membranes at matu rity. but one can find some perforation plates in which pit membrane remnants are extensive (Fig. 16) . These remnants contain numerous p0rosities. The lateral walls of tracheary elements of D. oerstedtii stems feature pits with smooth primary walls (Fig. 17) . Occasional strandlike interconnections of secondary wall material *1 HI 1 19 22 I'll'.)' 201JJ cross the long elliptical pits of the tracheary el ements. Vessels of Philodendron pittieri are shown in Fig. 18-24 . Vessels of roots have long perfora tion plates with numerous bars (Fig. 18 ). When examined with SEM, the perforations mostly contain weblike and strandlike remnants of the primary wall. More nearly intact pit membranes, with pores of various sizes and kinds were ob served (Fig. 19) . We also observed perforations nearly clear of primary wall material, but with threads or residual webs (Fig. 20) . Lateral walls of vessels in roots (Fig. 21) bear pits similar to :jieI 9 !' A ( 'I Fig. 18-24 . SEM photographs of tracheary elements of roots (18-21) and stems (22-24) of Philodendron pittieri. Fig. 18 . Portion of long perforation plate of slender vessel element. Fig. 19 . Portion of perforation plate with extensive weblike pit membranes that contain pores. Fig. 20 . Perforation plate portion in which a few weblike or threadlike pit membrane remnants are present. Fig. 21 . Lateral wall with reticulate or striate pit membranes. Fig. 22 . Two adjacent bars of a perforation plate to show porose pit membrane remnant between them. Fig. 23 . Perforations in which threadlike pit membrane remnants are present. Fig. 24 . Lateral wall pitting with striate surface of pit membranes. Fig. 18 , bar = 10 jim; Fig. 19-24 , bars = 5 p.m. : Fig. 25-27 . SEM photographs of tracheary elements of Zantedeschia albo-nwculata. Fig. 25 . Tip of vessel element with well defined perforation plate. Fig. 26 . Tracheary elements, apices of elements at upper left, and lower right; no perforation plates present. Fig. 27 . Lateral wall pitting shows that pit membrane striations extend across the secondary wall hands. Fig. 24, 27 , bars = 10 m; Fig. 25 , bar = 5 m. perforations, but have intact primary walls that bear striate to reticulate patterns. Vessels of rhi zomes (Fig. 22-24) have long scalariform per foration plates like those of the roots. We ob served remnants of primary walls in perforations in the forms of porose webs (Fig. 22 ) and deli cate strands (Fig. 23 ). Lateral walls of rhizome vessels (Fig. 24 ) have striate pit membranes much like those described above for vessels of roots.
In vessels of Zantedeschia albo-maculata roots, the difference between perforation plate and lateral wall is clear not only in the covering of lateral walls by primary wall, but by the pat tern of secondary wall bars that form the per foration plate (Fig. 25 ). Pit membrane remnants may be absent from perforation plates in some vessel elements (Fig. 25 ). In corms of Zantedes chia albo-maculata, tracheary elements are dif ficult to isolate in macerations because they are embedded within large volumes of storage pa renchynia. The corm tracheary elements we have chosen to illustrate show end walls without perforation plates (Fig. 26) . Indeed, we were un able to identify any perforation plates in tra cheary elements of corms. The lateral walls of corm tracheary elements have markedly striate primary walls in our preparations Fig. 26, 27) .
The striations are not limited to pit membrane areas, but may occur in primary walls that over lie gyres or bands of secondary wall material (Fig. 27 ).
Conclusions. Although our sampling of Ar aceae subfamily Philodendroideae is small, we can offer some tentative interpretations. Perfo ration plates are definitely present in both roots and rhizomes of Aglaonema, Dieffenbachia, and Philodendron; because of technical difficulty, we could not observe tracheary elements in rhi zomes of Anthurium. This parallels our findings in Acoraceae (Carlquist and Schneider 1997), Juncaginaceae (Schneider and Carlquist 1997), Lowiaceae (Carlquist and Schneider, 1998) , and Scheuchzeriaceae (Schneider and Carlquist 1997) . In all of these families, vessels have hith erto been reported only in roots (Cheadle 1942; Wagner 1977) . Our reports of vessels for the rhi zomes in these families underline the value of SEM for establishment of presence or absence of pit membranes. We did not, however, find perforation plates in tracheary elements of corms of Zantedeschia.
In the rhizomes of the Araceae studied, ves sels of rhizomes closely resembled those of roots in the features usually cited as indicative 260 JOURNAL OF THE TORREY BOTANICAL SOCIETY [VOL. 125 of specialization: number of bars per plate and differentiation in size between perforations and pits on lateral walls. In both roots and rhizomes of the five genera of Araceae, perforations are similar to lateral wall pits in size and in number of bars. Deviation from this pattern is evident most clearly in species of Anthurium and in Zan tedeschia; in these, the perforation plates of root vessels are clearly delimited. In our material of these two genera, few or no residual pit mem brane remnants were observed in perforation plates. In Aglaonema, Dieffenbachia, and es pecially, Philodendron, we observed weblike pit membrane remnants like those figured for per foration plates of dicotyledons commonly re garded as having numerous primitive features (Carlquist 1992) . The presence of pit membrane remnants in monocotyledon vessels indicates to us a primitive character state.
In addition, retention of porose or weblike pit membranes suggests ecological interpretations. As with the dicotyledons that have this feature (Carlquist 1992), the monocotyledons that have pit membrane remnants occupy mesic sites in which such occlusion of perforations by pit membranes would not be of negative selective value because the conductive stream may be rel atively slow and thus not appreciably impeded by pit membrane remnants. If our observations that perforation plates of Anthurium and Zante deschia roots lack such membranes are con firmed in further studies, a correlation with hab itat may be present. Some species of Anthurium are epiphytic, and terrestrial species may have exposed roots. In such situations, water avail ability fluctuates markedly, and rapid uptake of water when available may occur. The presence of unocciuded perforation plates would aid rapid water translocation in roots. Likewise, Zantedes chia grows in areas that may be dry for pro longed periods; specialized vessels in roots may transmit water rapidly to corms during periods of water availability. Considerations of this sort were basic to the ecological interpretation of known patterns of monocotyledon vessel pres ence and morphology (Carlquist 1975, compare p. 106 and 115) , in which greater specialization of perforation plates has been related to more more highly seasonal habitats with briefer peri ods of water availability.
The strands of wall material that traverse pit membranes in rhizomes of Aglaonema pictum (Figs. 7, 8) deserve special mention because these strands were characteristically present in our material, and we have not observed them elsewhere in monocotyledons. Citing a signifi cance for these strands would be premature, but they are representative of the numerous discov eries that can be made in morphology of tra cheary elements using SEM.
